In this study were analyzed 526 sera; the patients aged from two days to 65 years old presenting exanthema, which was the most frequent symptom observed, besides fever, adenomegaly, and arthralgia. These sera were negative by enzyme-linked immunosorbent assay (IgM-ELISA) 
The structure of the parvovirus B19 is composed by a protein mixture of VP1 and VP2, which encapsidates a single-stranded DNA molecule. VP2 is the major structural protein in most parvoviruses that comprises about 90% of the capsid, which is commonly used as tool for diagnosis purposes (Muzyczka & Berns 2001) . This virus was observed for the first time by Cossart et al. (1975) . It causes a wide range of human diseases, including erythema infectiosum or fifth disease, which can be confused with rubella or other exanthematic diseases, arthropaties in adults, severe anemia, transient aplastic crisis, hydrops fetalis, and abortion (Feder & Anderson 1989 , Kirchner 1994 , Weir 2005 . The B19 infections were observed to affect usually children in all the world. This previous experience was demonstrated by presence of seropositivity for anti-B19 IgG from 63% (Searle et al. 1997) to 80% (Cassinotti et al. 1997) in adults.
In September 1987, presence of B19 infections was firstly diagnosed in Brazil when parvovirus-like particles were detected in urine of patients during a Brazilian erythema infectiosum outbreak (Takimoto et al. 1988) . B19 antigen was also detected in the plasma of a healthy blood donor in Rio de Janeiro (Cruz et al. 1989) . Besides, an IgG antibody prevalence of 35% was demonstrated for children under five years, while almost 80% was reported in children aged from 11 to 15 years and 90% in individuals over 50 years old (Nascimento et al. 1990 ).
In North Brazil, prevalence of specific IgG from 26.2 to 42.6% was already revealed in population of Belém (Freitas et al. 1990 (Freitas et al. , 1993 . In South Brazil, an outbreak of exanthematic diseases was reported during 1998 with 58.3% of anti-B19 IgM (Lopes et al. 1998 ) by enzymelinked immunosorbent assay (ELISA). In state of Rio de Janeiro, 9.3% of positivity for presence of B19 DNA was already observed by nested polymerase chain reaction (nested PCR) methodology from 1996 to 1997, in patients exhibiting previous episodes of exanthematic disease, adenomegaly, fever or spontaneous abortion (Wermelinger et al. 2002) . Positivities from 17 to 23% for B19 DNA by polymerase chain reaction (PCR) were also observed in sera of patients suspected of parvovirus B19 infection (Sevall 1990 , Cassinotti et al. 1993 ) and patients with arthritis of unknown origin (Cassinotti et al. 1998) . After the introduction of measles and rubella vaccination, the differential diagnosis of rash has been specially recommended, since 17.6% of the exanthema cases after measles vaccination were due to be caused by parvovirus B19 infection, in São Paulo, Brazil (Oliveira et al. 2002b) .
To reinforce the importance to include parvovirus B19 diagnosis as routine in public health laboratories this study was developed. Sera collected from symptomatic patients (state of Rio de Janeiro, Brazil) were analyzed by commercial IgM-ELISA and nested PCR, using VP2 antigen or primers mapping to VP2, respectively. Amplification by nested PCR -B19 DNA was recovered from serum according to the method described by Cassinotti et al. (1993) , PCR amplifications was carried out with two consecutive rounds of 35 cycles in an 2400 thermocycler (Perkin-Elmer, Norwalk, CT). In the first round, each cycle consisted of a denaturation step at 94°C for 1 min, followed by an annealing step at 50°C for 2 min. In the second round, the annealing temperature was changed from 50°C to 60°C for 2 min, final extension steps at 72°C for 7 min followed both rounds. Since primer extension occurred during the heating from annealing to denaturation temperature, a specific elongation step was omitted in the program. P1 (nucleotides 3954-3971) and P2 (nucleotides 4135-4154) constituted the outer primer pair, and P3 (nucleotides 3997-4016) and P4 (nucleotides 4099-4117) constituted the inner primer pair, which mapped to a fragment of the major capsid protein VP2 gene (GeneBank NC_000883).
MATERIALS AND METHODS

Clinical specimens
Detection of amplified B19 sequences -The amplified DNA fragments were analyzed by electrophoresis in a 2% agarose gel stained with ethidium bromide. Fetal calf serum was used as negative control in order to check for possible contamination along with the specimens.
ELISA -Anti-B19 IgM antibodies in sera were tested by commercial ELISA kit, using recombinant capsid protein VP2 as antigen (Biotrin International Ltd.).
Negative control group -Twenty sera from individuals between 17 and 60 years old who did not present any symptoms compatible to an acute parvovirus B19 infection were used as negative controls.
RESULTS
In this study, 526 serum samples were analyzed by ELISA and PCR. Among these samples, IgM or DNA were not detected from 39 cases of abortion, therefore they were not took into account for analysis. Anti-parvovirus B19 IgM or parvovirus B19 DNA or both were detected in 90 (18.5%) from 487 serum samples when they were analysed by ELISA and PCR. In these sera, DNA was detected in 71 (14.5%) sera and IgM was recorded in 62 (12.7%). Specific IgM and DNA were simultaneously detected in 43 (8.8%) sera, while sole IgM and sole DNA were detected respectively in 19 (3.9%) and 28 (5.7%) of them. B19 DNA or anti-B19 IgM were not detected in 397 (81.6%). Agreement among the results by PCR and IgM-ELISA was observed in 440 (90.4%) from the total number of sera analyzed here (Table I) .
Exanthema was the most frequent symptom exhibited in the clinical cases from which sera were collected, it was observed in 60 (96.8%) from 62 cases with positive results for anti-B19 IgM and 67 (94.4%) from 71 cases showing positivity for B19 DNA. Fever was observed in 24 (38.7%) cases with positivity for IgM and 24 (33.8%) cases showing positivity for DNA, adenomegaly in 16 (25.8%) for IgM and 23 (32.3%) for DNA, arthropathy in 7 (11.3%) for IgM and 7 (9.9%) for DNA, itch in 4 (6.5%) for IgM and 8 (11.3%) for DNA, as shown in Table II .
In the age group from one to ten years, where the major number of clinical cases was observed, anti-B19 IgM was detected in 38 (18.4%) and B19 DNA in 36 (17.5%) from 206 serum samples (Table III) . The same Table also shows a higher number of tested sera in females (286 cases) than in males (201 cases). In males, anti-B19 IgM and B19 Exanthema  41  19  26  353  60  67  439  Fever  15  9  9  199  24  24  232  Adenomegaly  14  2  9  111  16  23  136  Arthropathy  5  2  2  23  7  7  32  Itch  3  1  5  40  4  8  49  Myalgia  0  0  4  10  0  4  14  Headache  0  0  2  24  0  2  26  Retrorbital pain  1  0  1  8  1  2  10  Cough  1  1  0  13  2  1  15  Coryza  1  1  1  19  2  2  22  Tonsillitis  1  0  1  9  1  2  10  Conjunctivitis  1  0  0  3  1  1  4 DNA were detected in 24 (11.9%) and 30 (14.9%) sera respectively, while the detection in females occurred in 38 (13.3%) and 41 (14.3%) sera for IgM and DNA respectively. The frequency of specific IgM and DNA did not show significative difference among males and females. The monthly distribution of analyzed sera is observed in Fig. 1 that reveals detection of anti-B19 IgM in 50 (15.4%) and B19 DNA in 59 (18.6%) from 325 serum samples collected in 1999. In analysis of samples collected in 2000, anti-B19 IgM was detected in 12 (7.4%) and B19 DNA was also detected in 12 samples from 162.
Anti-B19 IgM or B19 DNA were detected in serum samples collected in 23 from 51 municipal districts of the state of Rio de Janeiro (Fig. 2) , analyzed here : Angra dos Reis, Barra do Piraí, Barra Mansa, Piraí, Resende, and Volta Redonda in south region of the state (14 sera, 9 for IgM and 11 for DNA); Itaperuna and Santo Antônio de Pádua in northwest region (2 sera, for IgM and DNA); Araruama, Armação de Búzios, Cabo Frio, Casemiro de Abreu, and Rio das Ostras in lowlands region (15 sera, 10 for IgM and 14 for DNA); Duque de Caxias, Japeri, Niterói, Nova Iguaçu, Paty do Alferes, Rio de Janeiro, São Gonçalo, and São João de Meriti in metropolitan region (56 sera, 38 for IgM and 44 for DNA); Paraíba do Sul and Três Rios in central region (all 2 sera for IgM).
DISCUSSION
In this study, 12.7% of positive results were observed when sera were analyzed by IgM-ELISA, as already presented in other studies on exanthematic diaseases. In Brazil, state of Rio de Janeiro, the presence of IgM for these viruses has already been demonstrated for 13.6% of the sera collected from patients exhibiting previous episodes of exanthematic disease, adenomegaly, fever or spontaneous abortion (Wermelinger et al. 2002) . In Niteroi (state of Rio de Janeiro), presence of IgM specific for parvovirus T  M  F  T  M  F  T  M  F  T  M  F  T  M  F  T   < 01  1  0  1  2  0  2  1  0  1  2  0  2  3  0  3  36  32  68  01-10  12  11  23  8  5  13  5  10  15  17  21  38  20  16  36 106 100 206  11-20  4  4  8  2  4  6  0  1  1  4  5  9  6  8  14  31  49  80  21-30  0  7  7  0  3  3  1  1  2  1  8  9  0  10  10  8  41  49  31-40  0  2  2  1  0  1  0  0  0  0  2  2  1  2  3  8  25  33  41-50  0  2  2  0  1  1  0  0  0  0  2  2  0  3  3  4 B19 was demonstrated in 9.2% of the sera collected from patients presenting exanthematic syndromes (Oliveira et al. 2001) . The detection of 27 positive sera for specific IgM in the states of Rio de Janeiro and Espírito Santo was reported between 1992 and 1994 (Cubel et al. 1996b ). In Niteroi, from 1994 to 1999, IgM for parvovirus B19 was identified in 31.8% of the sera (105) by Oliveira et al. (2002a) . Positivity of 39.8% for anti-B19 IgM had already been shown by Cassinotti et al. (1993) . Different factors as the methodology used for analysis, the year-to-year variation, the seasonality and the presence of higher percentuals of other exanthematic diseases can explain the different rates of positive results. In our study, B19 DNA was detected in 14.5% of the analyzed samples, when using nested PCR methodology, higher than the percentual that had already been observed (9.3%) in sera collected in Rio de Janeiro from 1996 to 1997 by Wermelinger et al. (2002) . Percentuals of 17, 23, and 20% for B19 DNA respectively were already reported in patients with symptoms of parvovirus B19 infection by Sevall (1990) and Cassinotti et al. (1993 Cassinotti et al. ( , 1997 .
The analysis of 23 cases of non immune fetal hydropsy by in situ hibridisation, dot blot hibridisation or PCR permitted to detect six positive cases of B19 infection, which occurred in 1974 , 1980 , 1982 , 1987 (Cubel et al. 1996a . From 1998 to 1999, 1,303 viremic blood donors were tested by gel hemagglutination. Nine plasma showing positive or indeterminate results were analyzed by dot-blot, only the strongly positive by gel hemagglutination was confirmed by dot-blot (Setúbal et al 2004) .
In Belém, state of Pará, it was demonstrated IgM, IgG and PCR positivity for infection by B19 in 47.7% of individuals presenting arthropaty (Freitas et al. 2002) . In patients suffering non-A-E hepatitis, B19 infection was confirmed by IgM-ELISA in 2.3% (Pinho et al. 2001) . Exhantema B19 infection was confirmed by IgM-ELISA and PCR for 17.6% of the individuals after post measles vaccination (Oliveira et al. 2002b) .
From January to May of 2001, multiple cases of erythema infectiosum were observed in a school in Limburg (Netherlands) by Hoebe et al. (2002) . In this outbreak, IgM for parvovirus B19 was revealed in 65% (15/23) of the tested sera, while B19 DNA was demonstrated in 70% (16/23) of the sera analysed by PCR. During an exanthematic outbreak in a school located in a Buenos Aires province (Argentina), affecting 21 individuals out of 1,400, Alonso et al. (2003) were able to detect anti-B19 IgM in 90.8% and parvovirus B19 DNA in 66.7% of 21 sera.
In 28 cases of DNA detection in ausence of IgM studied here, one case exhibited only arthralgia, one presented coryza, itch and adenomegaly while exanthema was presented in 26 cases, with or without additional symptoms. In those 28 cases, 25% of the samples had been collected from 1 to 4 days after onset of the clinical symptoms, 7% after 15 days, while in 68% this information was not available. One of the cases, presenting fever, exanthema and arthralgia, exhibited initially both IgM and DNA and sole B19 DNA 34 days afterwards, when arthralgia remained as unique symptom.
The role of B19 as ethiological agent can not be confirmed for those 28 cases where was detected only DNA. In these patients, the infections were possibly in acute phase before IgM response, or exhibited a DNA persistence after disappearance of IgM. Other authors observed similar data, thus Cassinotti et al. (1993) observed posi- tive results for B19 DNA and negative results for specific IgM in 6% of the cases, when analyzing 200 patients with suspected B19 infection. Gallinella et al. (2003) , when analysing 344 suspected cases of B19 infection occurred during an outbreak, verified the presence of only DNA in 50 cases, both DNA and IgM in 49 cases and only IgM in 26 cases, showing that the detection of DNA in ausence of IgM is not uncommon during epidemics. Otherwise, the presence of B19 DNA at low level was already detected until one year after the clinical symptoms in an immunocompetent patient (Cassinotti & Siegl 2000) . Besides, Candotti et al. (2004) were able to detect B19 DNA in 0.9, 1.3, 0.55, and 1.25% in United Kingdom, Ghana, South Africa, and Malawi, respectively, when analyzing the virus persistence in blood donors. In these DNA positive blood samples, negative detection for IgM was observed in United Kingdom and Ghana for 89% (8/9) and 77% (10/13) of the cases respectively.
In our analysis, the patients presenting anti-B19 IgM or B19 DNA exhibited mainly exanthema, fever, adenomegaly, and itch as symptoms. The sera of 39 women that suffered abortion exhibited negative results when analyzed by IgM-ELISA and PCR for presence of parvovirus B19 infections, however Wermelinger et al. (2002) observed positive results in 11% of the cases of abortion.
Exanthema was the most frequent symptom for the total number of patients analyzed and it also was the most commonly observed in the positive cases for detection of anti-B19 IgM and B19 DNA. The infection by B19 viruses is not usually distinguished from rubella, measles, and other exanthematic diseases, therefore the sera tested here were collected from patients with suspect of these diseases.
Children aged from one to ten years was the major group studied here, which has already been shown in other studies. A great number of positive sera of B19 infection has already been observed, when analyzing children from five to nine years of age (Oliveira et al. 1996) . In samples collected in a blood bank, significative anti-B19 IgG levels were already demonstrated for 35% of children under five years old, 80% of individuals between 11 and 15 years and 90% of those older than 50 years old, between 1985 and 1986. A lower prevalence during the childhood was revealed, a progressively higher number of individuals showing to be infected by the viruses (Nascimento et al. 1990 ). Similar results were observed in England and Wales, where the prevalence of anti-B19 IgG increased with age, 5-15% in children 1-5 years, rising from 50-60% in young adults to more than 85% in those over 70 years old (Cohen & Buckley 1988) .
In our analysis, the higher levels of detection of anti-B19 IgM and B19 DNA were observed from July to December (winter and spring), which was already observed before by other authors (Cubel et al. 1996b , Wermelinger et al. 2002 . However, the percentuals of detection of IgM and DNA were significatively higher in 1999 than in 2000.
In the present study, the presence of DNA or IgM for B19 in 23 municipal districts revealed their wide distribution in the state of Rio de Janeiro as already demonstrated by Wermelinger et al (2002) in ten districts.
The results reinforce the relevance of the parvovirus B19 as infectious agent responsible for children exhantematic diseases and thus the importance to include B19 diagnosis as routine in public health laboratories.
